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The abundance and preferences of individual invertebrate populations (including zooplankton) closely associated
with the substrates provided by aquatic plant structures and open-water areas of Lake Nasser were quantiﬁed in this
study in order to gain understanding of the importance of submerged macrophyte for invertebrate diversity, and their
relation to water properties. The following water parameters were measured: temperature, pH, dissolved oxygen (DO),
total dissolved salts, electrical conductivity, turbidity, total suspended solids, carbonate, bicarbonate, nitrate, nitrite,
phosphate, sulphate, silica, potassium, total hardness, calcium and magnesium.
Five macrophyte species were recorded: Myriopyllum spicatum, Najas horrida, Potamogeton schweinfurthii,
Potamogeton pectinatus and Vallisneria spiralis. In total 67 invertebrate species were recorded, comprising 39
Rotifera, 12 Cladocera, 4 Copepoda, 4 Insecta, 2 Protozoa, 2 Ostracoda and one species of Turbellaria, Tardigrada,
Annelida and Nematoda. Thirty-seven species were exclusively epiphytic, 11 species were collectively planktonic and
19 species were found in both habitats. The greatest abundance of epiphytic invertebrates occurred in association with
N. horrida–P. schweinfurthii community.
The results indicated that total suspended solids (TSS), TH and NO2 are the most inﬂuential water variables on the
distribution of the aquatic macrophyte samples and their invertebrate communities. Also, the study indicates that
water variables have a higher impact on the aquatic macrophytes than on the associated invertebrate populations.
P, NO3, K, Na, Mg, Cl and DO were the most inﬂuential water variables that dictate the distribution of invertebrate
groups recorded in the open-water zone. Water temperature, electric conductivity, pH, NO2, SO4
, SiO3
, CO3
 and
turbidity have a lesser inﬂuence of the distribution of the invertebrates recorded in this zone.
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Lake Nasser is a subtropical monomictic lake (Heikal
& Abdel Bary, 1999). It is mesotrophic lake (Mageed &
Heikal, 2006). The only source of lake water is the River
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towards the north. The Nile ﬂood comes once a year
in late August originating from the Ethiopian highlands
continuing to late November.
Submerged macrophyte communities play a crucial
role for animals and lower plants in aquatic ecosystems
by providing habitat complexity, shelter, breeding area
as well as being substrata for periphyton and sites of
abundant food production for many aquatic animals
(Diehl, 1992; Lodge, 1991; Rennie & Jackson, 2005;
Zimmer, Hanson, & Butler, 2000). Therefore, they
inﬂuence the diversity, abundance and distribution
pattern of aquatic invertebrates and vertebrates
(Williams, 1980; Wilzbach, 1985; Wilzbach, Cummins,
& Hall, 1986).
Rotifers, cladocerans and insect larvae are the major
secondary producers of both pelagic and vegetation
areas on a world-wide scale. Some species were
commonly found in both areas, whereas others are
found in, or in the near vicinity of, stands of vegetation
(Campbell, Clark, & Kosinski, 1982; Havens, 1991;
Lauridsen & Buenk, 1996; Vijverberg & Boersma, 1997).
However, surprisingly few studies have reported the
inﬂuences of submerged macrophytes on diversity of
invertebrates in freshwater ecosystems. In addition to
the prevailing environmental conditions, there are many
other factors that may affect epiphytic and plant-
associated invertebrate distribution. These are sub-
merged plant attributes (e.g. morphology, surface
texture, tissue nutrient contents, defensive chemicals),
invertebrate predominant life form, mobility, predation
and seasonality (Cheruvelil, Soranno, & Madsen, 2001;
Downing & Cyr, 1985; Taniguchi, Nakano, & Tokeshi,
2003). Depending on these factors, epiphytic inverte-
brates may switch their habitats between submerged
plants and lake water. Therefore, it was important to
measure invertebrates on macrophytes and separately in
open lake water to gain a better understanding the
impacts of submerged macrophytes on diversity of
invertebrates (Sakuma, Hanazato, & Nakazato, 2002).
Kassas (2002) reported that the Convention on
Biological Diversity set conservation of biodiversity on
the world agenda and therefore, gaps in knowledge need
to be addressed for actions to be effective and
sustainable. Gaps include: species diversity, micro-
organisms and their ecological role, ecological and
geographical status of species, human capacity to assess
and forecast bio-ecological degradation.
This paper aims to ﬁll part of an important gap in
biodiversity knowledge by reporting their interacting
ecological roles of macrophytes and invertebrates in the
aquatic ecosystem of Lake Nasser, a major African sub-
tropical reservoir. Also, the paper aims to compare
invertebrates associated with macrophyte communities
in littoral zone with those in the open water of Lake
Nasser for better understanding of the inﬂuences ofsubmerged macrophytes on diversity of invertebrates
and to determine the effects of various water variables
on abundance and distribution of invertebrates in one of
the world’s largest man-made lake.
Study area
The High Dam Lake was created as a result of the
construction of the Aswan High Dam (AHD) in the
1960s. It extends for 480 km from the High Dam in
Egypt to the Dal Cataract in Sudan (Fig. 1), 300 km
within the Egyptian borders (as Lake Nasser;
221000N–231580N latitudes and 311190–331190E long-
itudes) and 180 km within the Sudanese borders
(as Lake Nubia; 201270–221000N latitudes and
301350–311140E longitudes). The total surface area is
6276 km2 (5237 km2 as Lake Nasser and 1039 km2 as
Lake Nubia). The average width is about 13 km (Lake
Nasser, 18 km; Lake Nubia, 10 km) and the average
depth of the whole lake about 25m (Ali, 1980). The
reservoir has a maximum water level of 183m ASL and
a volume of 162 109m3. The lake shore line is very
irregular, with numerous inundated valleys (Khors). In
Lake Nasser, there is an annual cycle of water level
changes which is related to the seasonal ﬂood pattern of
the Rivers Nile system, together with long-term pattern
of net rise and fall of the mean lake level. The ﬂood
occurs in late summer–early autumn (late August–late
November) and the discharge from the lake through
AHD with turnover period of 790 days (Latif, 1984).Materials and methods
Along eight sectors in Lake Nasser, 12 sites (on East
and/or West banks) were surveyed (Fig. 1), where 12
water samples and 21 macrophyte samples (coded A–U;
Table 1) and their associated invertebrates were
collected from different depths (shallow and/or deep),
in the period between 16 October and 4 November 2002
During this period of the year, the Nile ﬂood takes
place. The ﬂood has not only a pronounced effect on
submerged macrophytes growth and distribution (Ali,
Hamad, Springuel, & Murphy, 1995) and subsequently
their associated invertebrates (Mageed & Heikal, 2006),
but also, inﬂuences the whole Lake Nasser ecosystem
(Latif, 1984).
At each site in the littoral zone, submerged macro-
phytes were sampled using a grapnel method to collect
relative standing crop samples (ﬁve grapnel hauls per
sampling area) from shallow- and deep-water zones,
down to the depth limit of plant colonisation. This
method gives good comparative values of abundance,
but does not estimate absolute standing crop per unit
area of substrate (Murphy & Eaton, 1983). Invertebrates
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Fig. 1. Map of Lake Nasser showing the 12 locations (along eight sectors) surveyed.
M.M. Ali et al. / Limnologica 37 (2007) 155–169 157associated with each plant community present for each
depth zone at each site were collected by thoroughly
washing grapnel-haul plant contents with pre-ﬁltered water
through a standard 55mm mesh size net. The wash of each
plant community was immediately preserved using 4%
neutral formalin solution. In the laboratory, plants were
separated into different taxa, identiﬁed and average dry
weight (dw) standing crop (DWSC) was calculated for each
macrophyte species per grapnel haul (sample) was deter-
mined after air drying (ambient temperature 45 1C). Also,
invertebrates were identiﬁed and their contents in each
plant sample were calculated as number of individuals per
plant sample dw at each depth zone (sampling site).
Planktonic invertebrates were sampled from vegeta-
tion-free lateral open-water zone (perpendicular to the
shoreline at the same sampling sector on 410m depth,
where submerged macrophytes cannot grow) by vertical
ﬁltration of the upper 5m of the water column (in the
photic layer) through a standard 55 mm mesh plankton
net of 30 cm in mouth opening diameter. Previous works
in Lake Nasser (El-Shabrawy & Dumont, 2003; Mageed
& Heikal, 2006) had shown that most zooplankton
community resides in the euphotic layer. Therefore, little
could be gained by the additional effort of sampling the
entire water column. Samples were immediately ﬁxed
with 4% formalin solution. Invertebrates were identiﬁed
with Meiji research microscope and counted withmagniﬁcation varying from 100 to 400 . Identiﬁca-
tion of species was made according to Yamamoto (1960),
Edmondson (1966), Grell (1973), Ruttner-Kolisko
(1974), Kiefer (1978), Pennak (1978), Negrea (1983),
Verheye and Dumont (1984), Margaritora (1985), Einsle
(1993) and Patterson (2000). The number of organisms
was calculated as individuals per cubic metre.
A 1-l surface water sample was collected from each
location either in the littoral vegetation zone or in the
vegetation-free open-water zone. Using standard meth-
ods (APHA, 1985), the following water physico-
chemical variables were measured: water depth (D),
temperature (Temp), dissolved oxygen (DO), pH,
electrical conductivity (EC), total dissolved salts
(TDS), total suspended solids (TSS) or turbidity (Turb),
carbonate (CO3), bicarbonate (HCO3), nitrate (NO3),
nitrite (NO2), total phosphorus (TP) and/or phosphate
(PO4), silica (SiO2), sulphate (SO4), chloride (Cl),
sodium (Na), potassium (K), calcium (Ca), magnesium
(Mg) and total hardness (TH).Data analysis
Water physico-chemical variables and invertebrate
counts data were log e transformed to standardise the
data sets (Flower, Cohen, & Jarvis, 2000).
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Table 1. Dry weight standing crop (g sample1) of the recorded macrophytes in 21 samples at 12 locations along eight sectors in Lake Nasser
Sectors Locations Depth zone Site codes Algae Myriophyllum
spicatum
Najas horrida Potamogeton
schweinfurthii
Vallisneria
spiralis
Potamogeton
pectinatus
Dominant
macrophyte
community
Codes
AL MS NH PS VS PP
Mirwaw East Deep MrEd 0 26.9 0 0 0 0 MS N
West Shallow MrWs 0 4.1 61.7 0 0 0 NHoMS Q
West Deep MrWd 0 0.7 0 22.7 0 0 PSoMS O
West Deep MrWd 0 0.8 4.1 2.3 0 0 NHoPS P
Allaqi East Shallow AlEs 149.6 0.6 1.4 188.0 0 0 PSoAL C
East Shallow AlEs 8.8 0 0 0.7 0 0 ALoPS D
East Deep AlEd 0.5 0 1.8 0 4.3 0 VSoNH A
East Deep AlEd 6.5 0 0 0 5.0 0 VS~AL B
El-Madiq East Shallow MaEs 0 9.8 121.2 0 0 0 NHoMS L
East Deep MaEd 0 240.9 0 0 0 0 MS K
East Deep MaWd 0 8.7 114.0 0 0 0 NHoMS M
Kurusku East Shallow KrEs 0 15.6 17.8 0 0 0 MS~NH I
West Shallow KrWs 0 35.5 0 0 0 0 MS J
Ibrim East Shallow IbEs 0 93.0 125.7 0 0 0 NHoMS F
East Deep IbEd 0 18.5 54.2 0 0 0 NHoMS G
West Deep IbWd 0 17.9 17.3 0 0 0 NH ¼MS H
El-Shik Zaid East Shallow ZaEs 13.6 16.4 2.3 0 0 0 MS~AL U
Tushka West Shallow TuWs 0 0 20.9 0 0 0 NH R
West Deep TuWd 0.4 0 14.5 0 0 0 NHoAL S
West Shallow TuWs 0 6.3 0.1 0 0 0 MSoNH T
Argeen West Deep ArW 15.5 0 2.0 0 0.1 4.0 ALoPP E
Mean 9.3 23.6 26.6 10.2 0.4 0.2
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M.M. Ali et al. / Limnologica 37 (2007) 155–169 159In the littoral vegetation zone, the data were drawn up
in the form of two matrices. One matrix of invertebrate
counts per aquatic macrophytes dw (species) aquatic
macrophyte communities (samples) and another matrix
of water (environmental) variables aquatic macrophyte
(samples). Two-way indicator species analysis (TWIN-
SPAN; Hill, 1979) was used to classify the data of the ﬁrst
matrix and principal component analysis (PCA) was used
to evaluate homogeneity of the TWINSPAN’s macro-
phyte (samples) groups and to test variability in their
invertebrate (species) composition. The constrained
ordination canonical correspondence analysis (CCA),
CANOCO for Windows ver. 4.0 (Ter Braak & Smilauer,
1998) was carried out for the paired matrices in order to
search and deﬁne the best explanatory water variables
characterising the macrophyte habitats and inﬂuencing
the distribution of invertebrates associated with them.
Also, in the lateral vegetation-free open-water zone,
the data were drawn up in two matrices. A matrix
represents the counts of invertebrate species per cubic
metre sampling sites and another matrix represents the
water (environmental) variables sampling sites. CCA
was carried out using the two matrices drawn. In the
constrained ordinations the ordination axes are
weighted sums of environmental variables and conse-
quently, the fewer environmental variables we have, the
stricter is the constraint. The constrained ordination
axes correspond to the directions of the greatest
variability of the data set that can be explained by the
environmental variables (Lepsˇ & Sˇmilauer, 1999).Results
Submerged macrophytes
Five submerged macrophytes (Myriopyllum spicatum
L., Najas horrida A. Br. ex Magn., Potamogeton
schweinfurthii A. Benn., Vellisneria spiralis L., Potamo-
geton pectinatus L.) were recorded in 21 samples. M.
spicatum, N. horrida and P. schweinfurthii were the most
frequent (observed in 71%, 67% and 19%, respectively,
of the samples collected) and the most abundant species
(mean DWSC 23.6, 26.6 and 10.2 g sample1, respec-
tively; Table 1). M. spicatum was found alone in three
samples (J, K and N) and with algae in one site at El-
Shik Zaid (U) and N. horrida was found alone in Tushka
(R) and with algae in Tushka (S). However, most of the
samples (8 samples: F, G, H, I, L, M, Q and T) were
exclusively composed of both species. P. schweinfurthii
was recorded in the west side of the lake at Mirwaw (O
and P) and the east bank of Allaqi (C and D). V. spiralis
was recorded in Allaqi (A and B) and P. pectinatus was
observed with algae in Argeen (E). Filamentous algae
were recorded in Arqeen, El-Shik Zaid and Allaqi.Invertebrates
In total, 67 invertebrate species were recorded in Lake
Nasser; of these 39 were Rotifera, 12 Cladocera, 4
Copepoda, 4 Insecta, 2 Protozoa, 2 Ostracoda and 1
species each of Turbellaria, Tardigrada, Annelida and
Nematoda. In total, 38 species were exclusively epiphy-
tic (EI) associated with submerged macrophyte commu-
nities (15 species were exclusively recorded in shallow-
water zone (EIs), 11 species were found in deep-water
zone (EId) and 13 in both zones (EIs-d); Table 2), 11
species were collectively euplanktonic (PI) and 18
species were found in both habitats (EI-PI) (Table 2).
Rotifera had the highest number of species (23) in
association with submerged macrophytes, eight were
exclusively in shallow-water zone and eight were in
deep-water zone; in addition, seven were found in both
zones. Insecta, Ostracoda, Tardigrada and Annelida
(represented by 1–4 species) were all found only in
association with submerged macrophytes.
Planktonic invertebrates (PI) in the lateral vegetation-
free deep-water zone were dominated by juvenile stages
of Copepoda (77.9%; Table 2) especially of Thermo-
cyclops neglectus, while epiphytic invertebrates (EI) in
the submerged macrophytes micro-habitat were domi-
nated by Rotifera (38.9%; Table 2). The number of PI
decreased gradually from Argeen at the upstream to the
High Dam at the downstream. Also, it was noticeable
that the western sampling sites comprised higher
number of individuals than those of the eastern sites,
except at Mirwaw. The greatest abundance of EI
occurred in association with N. horrida–P. schweinfurthii
community (P).Submerged macrophytes and their associated
invertebrates
In all sites surveyed, the number of invertebrate groups
varied between 5 and 7, except in Allaqi East shallow-water
zone (AlEs) and Ibrim East deep-water zone (IbEd) where
only three groups were recorded. The highest invertebrate
count consisted of six invertebrate groups (613 indiv. g1
plant dw) and was observed in a macrophyte sample
collected from Mirwaw West (Fig. 1) deep-water zone
(MrWd), where the macrophyte community (P) N. horrida
(DWSC 4.1g sample1; Table 1)–P. schweinfurthii (DWSC
2.3g sample1; Table 1) was recorded. This invertebrate
content was dominated by Nematoda (353 indv. g1 plant
dw) and Rotifera (145 indv. g1 plant dw). Also, macro-
phyte samples (N. horrida, DWSC 17.8g sample1 and M.
spicatum, DWSC 15.6g sample1; Table 1) collected from
Krusku West shallow-water zone (KrWs) contained high
invertebrate content (423 indiv. g1 plant dw). This content
comprised seven groups: Rotifera (108 indiv. g1 plant dw),
Ostracoda (99 indiv. g1 plant dw), Insecta (94 indiv. g1
ARTICLE IN PRESS
Table 2. Percentage of mean individual no. (including juvenile stages) per sampling site and number of species per invertebrate
groups recorded in the aquatic macrophyte micro-habitat (epiphytic invertebrates – EI; at shallow-water zone, EIs and deep, EId
and those in both zones, EIs-d), in the vegetation-free lateral deep-water habitat (planktonic invertebrates – PI) and those in both
habitats (EI-PI)
Invertebrate groups Percentage of mean indiv.
no./sampling site
Number of species/invertebrate groups
EI PI EI PI EI–PI Total
s d s–d Total
Rotifera 38.9 9.9 8 8 7 23 5 11 39
Cladocera 17.3 11.4 3 1 1 5 4 3 12
Copepoda 0.7 77.9 0 1 0 1 2 1 4
Insecta 15.7 0.0 1 1 2 4 0 0 4
Protozoa 4.5 0.05 1 0 0 1 0 1 2
Ostracoda 9.0 0 1 0 1 2 0 0 2
Turbellaria 1.1 0.7 0 0 1 1 0 1 1
Tardigrada 0.1 0.0 0 0 1 1 0 0 1
Annelida 0.7 0.0 0 0 1 1 0 0 1
Nematoda 12.1 0.05 0 0 0 0 0 1 1
Total 100 100 15 11 13 38 11 18 67
M.M. Ali et al. / Limnologica 37 (2007) 155–169160plant dw), Cladocera (85 indiv. g1 plant dw) and Copepo-
da and Annelida (each 5 indiv. g1 plant dw). However,
invertebrate content was very low (highest number ranged
between 8 and 21 indiv. g1 plant dw) in other sites (e.g.
Allaqi East shallow-water zone (AlEs), where P. schwein-
furthii–algae community (DWSC 188.0 and 149.6g
sample1, respectively; Table 1) having 13 Rotifera
indiv. g1 and algae–P. schweinfurthii community (DWSC
9.0 and 0.7, respectively, Table 1) having 21 Rotifera
indiv. g1; Madiq East deep-water zone (MaEd), whereM.
spicatum community (DWSC 240.9 g sample1; Table 1)
dominated by eight Rotifera indiv. g1; Ibrim East shallow
(IbEs), where N. horrida–M. spicatum community (DWSC
125.7 and 93.0g sample1, respectively; Table 1) with 14
Insecta indiv. g1; Ibrim deep-water zones (IbEd), whereM.
spicatum–N. horrida community (DWSC 17.9 and 17.3g
sample1, respectively; Table 1) having 17 Rotifera
indiv. g1; and Arqeen West (ArW), where there was an
algae–P. pectinatus community (DWSC 15.5 and
4.0 g sample1, respectively; Table 1) dominated by nine
Copepoda indiv. g1. In general, N. horrida–P. schwein-
furthii community encounters the maximum invertebrate
number compared with the other communities. This
community was dominated by nematods (Fig. 2). The
lowest invertebrate community was recorded on the
M. spicatum community.
Several species of invertebrates: Brachionus quadri-
cornis, Horaella sp., Lecane althausi, L. arcula, L.
elasma, L. nana, Philodina sp., Alona guttata, Mono-
spilus dispar, Pleuroxis eduncus, Horsiella brevicornis
and Macrobiotus macronyx were new records for Lake
Nasser and Lecane althausi, L. elasma, L. nana, Alona
guttata andMonospilas dispar were new to Egypt. FromTable 2, all these species are exclusively epiphytic
invertebrates.TWINSPAN classiﬁcation
At the ﬁrst hierarchic division level two clusters were
obtained (Fig. 3). One cluster contained 11 samples of
macrophytes and was indicated by species of Annelida
and Cladocera. The other cluster encompassed 10
samples of macrophytes and was indicated by species
of Nematoda, Turbellaria, Protozoa and Rotifera. At
the second division level, four end groups resulted, the
ﬁrst cluster was divided into Group I (n ¼ 5) and Group
II (n ¼ 6). Group I (n ¼ 5) and the second cluster was
split to Group III (n ¼ 6) and Group IV (n ¼ 4). Group
I was indicated by the invertebrates groups Insecta,
Ostracoda and Cladocera. It includes ﬁve macrophyte
samples (I, J, L, Q and R) that were dominated by N.
horrida–M. spicatum, M. spicatum and N. horrida and
were collected from the shallow-water zone of Kurusku
East and West, El-Madiq East, Mirwaw West and
Tushka West. Group II (n ¼ 6) contains six macrophyte
samples (C, E, F, G, K and O) dominated by P.
schweinfurthii–Algae, Algae–P. pectinatus, N. horrida–M.
spicatum, M. spicatum and P. schweinfurthii–M. spica-
tum communities and were collected from the shallow-
water zone of Allaqi East, Argeen West and Ibrim East
and the deep-water zone of Ibrim East, El-Madiq East
and Mirwaw West. This group was indicated by the
invertebrate group Cladocera. Group III encompasses
six macrophyte samples (A, H, M, N, P and T), which
were dominated by V. spiralis–N. horrida, N. horrida–M.
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Fig. 2. Distribution of the epiphytic invertebrate groups recorded in 21 samples of aquatic macrophyte communities collected from
Lake Nasser (for sites and macrophyte names, see Table 1).
n = 21 
n = 11 n = 10
Annelida Nematoda
Cladocera Protozoa
Turbellaria
Rotifera
C, E, F, G,
I,J, K, L,
O, Q, R
A, B, D, H, 
M,N, P, S,
T, U
n = 5 n = 6n = 6 n = 4
Insecta Cladocera
Ostracoda 
Cladocera 
I,J, L, Q, R C,E, F, G,
K, O
A, H, M,
N,  
P, T
B, D, S,
U
Group 
I II III IV 
Group Group Group 
Fig. 3. Dendrogram of TWINSPAN of 21 macrophyte samples (coded from A to U; for macrophyte names see Table 1) in relation
to their associated invertebrates.
M.M. Ali et al. / Limnologica 37 (2007) 155–169 161spicatum, M. spicatum, N. horrida–P. schweinfurthii, M.
spicatum–N. horrida communities and were collected
from the deep-water zone of Allaqi East, Mirwaw East
and West, El-Madiq West, Ibrim West and Tushka
West. Group IV comprises four macrophyte samples (B,
D, S and U) dominated by V. spiralis–Algae, Algae–P.
schweinfurthii, N. horrida–Algae, M. spicatum–Algae
communities and were collected from the shallow- and
deep-water zones in Allaqi East and shallow-water zone
in Tushka West and El-shik Zaid East. Group I was
exclusively from shallow-water zone sites, where GroupII was only from sites of the deep-water zone. Groups
III and IV included sites from both deep- and shallow-
water zones.Unconstrained ordination – EI
PCA results for the 21 macrophyte sampling sites,
ordinated by their invertebrate composition, are shown
in Fig. 4. End groups recognised by TWINSPAN cluster
analysis (Groups I–IV) are both well separated from
ARTICLE IN PRESS
-1.0 +1.0
-1.0
+1.0
Nematoda
Rotifera
Ostracoda
Protozoa
Insecta
Cladocera
Tardigrada
Copepoda
Annelida
Turbellaria
P
F
C
K
T
D
S
E
A
RN
G
L
B
Q
O
U
H
M
J
I
GIV
GII
GIII
GI
 
Fig. 4. Principal component analysis (PCA) ordination
diagram of 10 invertebrate groups (at the arrow heads)
recorded in 21 aquatic macrophyte samples (J) collected
from Lake Nasser (coded from A to U; for macrophyte names
see Table 1). Membership of invertebrates in TWINSPAN
groups is indicated by lines (G I, G II, G III and G IV).
Fig. 5. Canonical correspondence analysis (CCA) diagram of
10 invertebrates (K) collected from 21 macrophyte samples
(J) in the littoral vegetation zone (coded from A to U; for
macrophyte names see Table 1)) in relation to 12 water
variables (arrows) measured (D ¼ depth, pH, DO ¼ dissolved
oxygen, TDS ¼ total dissolved salts, EC ¼ electrical conduc-
tivity, TSS ¼ total suspended solids, NO3 ¼ nitrate,
NO2 ¼ nitrite, PO4 ¼ phosphate, TH ¼ total hardness,
Ca ¼ calcium and Mg ¼ magnesium).
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ference between the Groups I, II and III.
In the PCA ordination diagram, macrophyte samples
shaping Group I were dissimilar of their invertebrate
species contents to other TWINSPAN groups and were
characterised by the presence of the invertebrate species
Annelida, Cladocera, Insecta and Ostracoda. Group II
was characterised by the presence of species of
Tardigrada. Group III was characterised by species of
Rotifera, Nematoda and Protozoa. Group IV was
distinguished by species of Turbellaria. The narrow
acute angle between the arrows of Cladocera, Copepoda
and Insecta shows large positive correlation coefﬁcients.
Similarly in the bottom right Rotifera, Nematoda and
Protozoa have large positive correlation coefﬁcients. On
the other hand, the arrow of Tardigrada on the left side
of the PCA ordination tends to have a high negative
correlation coefﬁcients with those pointed right on the
diagram. The pair of species (such as Tubellaria–Roti-
fera and Annelida–Rotifera) that have arrows meeting
at almost right angle are of linear correlation.Ordination of EI constrained by water property
variables
In the CCA diagram (Fig. 5), the water variables, EC
and Mg had high inﬂation factors, therefore, they were
omitted. Also, the aquatic macrophyte sample E (Algae–P.pectinatus) in Argeen West – ArW) was excluded from the
analysis, because it was found to be an outlier in the
ordination diagram resulting from the ﬁrst CCA run.
From the new CCA ordination diagram, one may deduce
that aquatic macrophyte samples collected from deep-
water zones were characterised by high counts of
the invertebrate populations Tardigrada (e.g. samples A
(V. spiralis–N. horrida) in Allaqi East – AlE and B
(V. spiralis–Algae) in Allaqi East – AlE), Copepoda (e.g.
samples N (M. spicatum) in Mirwaw East – MrE, O
(P. schweinfurthii–M. spicatum) in Mirwaw West – MrW
and P (N. horrida–P. schweinfurthii) in Mirwaw West –
MrW), Protozoa and Nematoda (e.g. sample M
(N. horrida–M. spicatum) in Madiq West – MaW). Also,
aquatic macrophyte samples collected from shallow-water
zones were dominated by high counts of the invertebrate
populations Tardigrada (e.g. samples C (P. schwein-
furthii–Algae) in Allaqi East – AlE and D (Algae–P.
schweinfurthii) in Allaqi East – AlE). Whereas, the
invertebrate population Turbellaria was abundant in the
aquatic macrophyte samples R (N. horrida) in Tushka
West – TuW, S (N. horrida–Algae) in Tushka West –
TuW, T (M. spicatum–N. horrida) in Tushka West – TuW
and U (M. spicatum–Algae) in El-Shik Zaid East – ZaE,
which dominated Lake Nasser sites with high TSS.
Annelida were abundant in aquatic macrophyte samples
I (N. horrida–M. spicatum) in Kurusku East -KrE and J
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Fig. 6. Canonical correspondence analysis (CCA) diagram of
six invertebrates (K) collected from 10 sampling sites (J) in
the lateral vegetation-free deep-water zone and macrophyte
communities (between brackets) recorded in the correspon-
dence in sampling sites of the littoral vegetation water zone
(for macrophyte names (coded from A to U), sectors and
locations see Table 1) in relation to 18 water variables (arrows)
measured (Temp ¼ temperature, pH, DO ¼ dissolved oxygen,
EC ¼ electrical conductivity, Turb ¼ turbidity, CO3 ¼
carbonate, HCO3 ¼ bicarbonate, NO3 ¼ nitrate, NO2 ¼
nitrite, OPO4 ¼ orthophosphate, TP ¼ total phosphorus,
SiO2 ¼ silica, Cl ¼ chloride, SO4 ¼ sulphate, Ca ¼ calcium,
Mg ¼ magnesium, Na ¼ sodium and K ¼ potassium.
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shallow-water zones that characterised by high NO2 and
Ca. The invertebrate species belonging to Rotifera was
located at the centre of the CCA ordination diagram
because they were recorded in relatively high abundances
in all the aquatic macrophyte samples collected. Similarly,
but to a lesser extent, Ostracoda, Cladocera and Insecta
were situated close to the centre of the diagram. However,
they were abundant in aquatic macrophyte samples that
were collected from sites characterised by high Ca, TDS,
pH, NO3, DO, PO4 and TH. These samples varied in their
preferences with respect to the water variables. For
example, aquatic macrophyte samples F (N. horrida–M.
spicatum) in deep-water zone of Ibrim East – IbEd and H
(N. horrida–M. spicatum) in deep-water zone of Ibrim
West – IbWd, were collected from sites characterised by
high TH, samples K (M. spicatum) in deep-water zone of
Madiq East – MaEd and L (N. horrida–M. spicatum) in
shallow-water zone of Madiq East – MaEs were found in
sites characterised by TDS and Ca, and samples G (N.
horrida–M. spicatum) in shallow-water zone of Ibrim East
– IbEs and Q (N. horrida–M. spicatum) in shallow-water
zone of Mirwaw West – MrWs, were recorded in sites of
moderate values of these water variables.
TSS, TH and NO2 (the longest environmental arrows)
are the most inﬂuential water variables on the distribution
of the aquatic macrophyte samples and their various
contents of the invertebrate populations. However, water
variables have a higher impact on the aquatic macrophyte
samples than on the invertebrate population associated
with those samples. This is reﬂected by the positions of
most of the invertebrate population points close to the
centre of the CCA ordination diagram far away from
aquatic macrophyte sample points that are located at the
end of the water variables arrows.
Ordination of PI constrained by water property
variables
The CCA diagram (Fig. 6) indicated that TP, NO3, K,
Na, Mg, Cl and DO were the most inﬂuential water
variables that dictate the distribution of invertebrate
groups recorded in the lateral vegetation-free open-
water zone. However, water temperature, EC, pH, N02,
SO4, SiO2, CO3 and turbidity (Turb) have a lesser
inﬂuence of the distribution of the invertebrates
recorded. Also, the CCA diagram indicated that
Protozoa was most abundant in Ibrim East.Discussion
This research work is the ﬁrst to study the inﬂuence of
aquatic macrophytes on the diversity of invertebrates in
Lake Nasser. Hann (1995) reported that macrophytes
which occur in dense beds protect invertebrates or providethem with accumulated organic matter for feed. In the
present study highest species number (67 species), so far, of
Lake Nasser invertebrates was recorded; although, in
previous studies that were carried out on the planktonic
invertebrates along Lake Nasser in the four seasons per
annum (El-Shabrawy & Dumont, 2003; Iskaros, 1993;
Mageed, 1995; Mageed & Heikal, 2006; Zaghloul, 1985),
the number of invertebrate species ranged between 23 and
54 species. This indicates that macrophytes provided ex-
cellent microhabitats of special characteristics that enhance
the establishment and colonisation of many invertebrates.
Twelve species of invertebrates were new records for
Lake Nasser and ﬁve species were new to Egypt (see
Mageed & Heikal, 2006). They were exclusively epiphy-
tic. Dumont and Segers (1996) estimate, as a broad
generalisation, that a tropical lake will contain more
than 200 species, and a temperate lake about 150. To
obtain a complete inventory, a locality should be
sampled at different seasons and all identiﬁable sub-
environments should be sampled. Therefore, the study
makes a contribution to ﬁlling the gap in knowledge on
the diversity in Egyptian freshwaters biota, which was
identiﬁed by Kassas (2002).
ARTICLE IN PRESS
M.M. Ali et al. / Limnologica 37 (2007) 155–169164Impact of macrophytes on diversity of invertebrates
Difonzo and Campbell (1988) found that relative
abundance and composition of invertebrates varied
depending on the type of microhabitat (e.g., plant
species, benthic sediments or water column). Similarly,
in the present study, although six invertebrate groups
were observed in both sampling zones (littoral vegeta-
tion zone and lateral vegetation-free deep-water zone),
differences in species composition and abundance within
the same group were noticed.
In the present study of Rotifera (e.g. genus Lecane: 20
species) preferred macrophytes, which could be due to
their predominant body features, e.g. small size and
short toes (sessile in nature), to avoid predators and to
feed on epiphytic microorganisms (Hann, 1995; Green,
2003). Sakuma et al. (2002) stated that large number
of Lecane remained on plants even after shaking 50
times: the animals were very strongly attached. Some
genera are frequently planktonic, such as Brachionus
and Keratella, but in some cases can be attached
to vegetation, which agreed with the result observed
by Arora and Mehra (2003) in the backwaters of
the Delhi segment of the Yamuna River (India) and
Green (2003) at the tropical swamp Okavango Delta
(South Africa).
In the present study, the cladoceran Alona spp. and
Chydorus sphaericus preferred the littoral vegetation
zone than the planktonic deeper vegetation-free zone.
This may be attributed to the special microhabitat
provided by the submerged macrophytes e.g., oxygen-
rich with abundant food. Also, these species are
microﬁlterers, graze actively on periphyton (Mastran-
tuono & Mancinelli, 2005).
In the present study, although, very few species of
Copepoda (2–3 species) were recorded either in the
littoral vegetation shallow-water zone or in the lateral
vegetation-free deeper water zone; copepods were
predominantly in the water column than the macro-
phytes littoral zone. These ﬁnding were in correspon-
dence with those obtained by Hann (1995). This may be
because they are good swimmers compared to the other
groups and feed on planktonic algae (e.g. Calanoids).
An invertebrate (e.g. Copepoda, Annelida, Insecta,
etc.) during its life cycle passes through many larval
stages that function in different ways of feeding and
subsequently require various habitats for food supply-
ing. This phenomena may explain the variability and
mobility of some of these invertebrate groups from the
littoral vegetation shallow-water zone to the lateral
vegetation-free deeper water zone, and vise versa, during
various seasons and the subsequent environmental
changes.
A simple structure macrophyte (e.g. M. spicatum and
N. horrida (N and R, respectively: Fig. 4)) that forms
monospeciﬁc stands of low complexity often offers lesshabitat for phytophilous invertebrate species and con-
tains higher proportion of planktonic species (e.g.
Copepoda). In comparison, N. horrida–P. schweinfurthii
community (P; Fig. 4) has much greater complexity
which favoured phytophilous species (e.g. Rotifera,
Nematoda) over planktonic species. Cheruvelil, Soran-
no, Madsen, and Roberson (2002) indicated that the
abundance of epiphytic invertebrates on aquatic macro-
phytes can be inﬂuenced by different plant architecture
types. For example, dissected plants can provide
epiphytic invertebrates more substrate for foraging and
more cover from predators than undissected plants.Effects of water variables on abundance and
distribution of invertebrates
Aquatic macrophyte samples collected from deep-
water zones were characterised by high counts of
invertebrate populations Tardigrada, Copepoda, Proto-
zoa and Nematoda. These differences in the groups
distribution may be dependent on the structure of their
microhabitat and their position in relation to the water
quality. They may also be related to young ﬁsh
predation in both habitats and better refuge conditions
in macrophyte, as well as typical adaptation to littoral
or limnetic life. De Stasio (1993) indicated that
Copepoda migrate to the lower depths during the
daytime to escape from predators. Also, in the present
study invertebrate samples were collected during the
daytime. Aquatic macrophyte samples collected from
shallow-water zones were dominated by high counts of
Tardigrada species.
Turbellaria dominated sites of high TSS, which agreed
with results obtained by Mageed (1995). Annelida were
found in shallow-water zones that characterised by high
NO2 and Ca. Krzyzanek (1986) stated that the great
amount of organic matter rich in Ca and Mg increases
development of detritophagous, chieﬂy of the Oligo-
chaeta (Annelida).
Many studies (e.g. Arora & Mehra, 2003; Hann, 1995;
Sakuma et al., 2002), as well as the present study,
indicated that Rotifera were recorded in high abun-
dances in aquatic macrophyte samples. Similarly,
Ostracoda, Cladocera and Insecta (Bass, Leach, &
Pinder, 1997; Bergey, Balling, Collins, Lamberti, &
Resh, 1992; Cyr & Downing, 1988; Lalonde & Down-
ing, 1992) in particular have been noted as typically
phytophilous, attached to solid plant surfaces.
In this study, the CCA analysis of the aquatic
macrophytes and their associated invertebrate popula-
tions, show that TSS, TH and NO2 are the most
inﬂuential water variables on the distribution of the
aquatic macrophyte samples and their various contents
of the invertebrate populations. Also, the study indicates
that water variables have a higher impact on the aquatic
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Table 3. List of epiphytic (E) invertebrates recorded in the littoral area (with shoreline vegetation) either in shallow-water zone (s)
or in the deep-water zone (d) and planktonic (P) invertebrates recorded in the lateral pelagic area (vegetation-free) in Lake Nasser
during the ﬂood season in the period from 16 October to 4 November 2002
Invertebrates Littoral area
vegetation (E)
Mean indiv.
no./g plant dw
Lateral area
vegetation-free (P)
Mean indiv.
no./m3
E, P, or
E+P
s d E
Protozoa:
Arcella discoids
Ehrenberg, 1832.
1 0 1 7 0 0 E
Centropyxis aculeata
(Ehrenberg, 1838)
1 1 1 215 1 39 E+P
Rotifera:
Anuraeopsis fissa (Gosse,
1851)
1 1 1 11 1 107 E+P
Ascomorpha sp. 0 1 1 2 1 o1 E+P
Asplanchna priodonta
Gosse,1850
0 1 1 19 1 19 E+P
Brachionus calyciflorus
Pallas, 1766
0 1 1 2 1 1437 E+P
B. caudaus (Hauer, 1937) 0 0 0 0 1 133 P
B. falcatus Zacharia, 1898 0 0 0 0 1 o1 P
B. quadricornis
(Ehrenberg., 1832)
1 0 1 14 0 0 E
B. plicatilis (Muller, 1786) 1 0 1 4 0 0 E
Cephalodella catallina
(Muller,1786)
1 1 1 92 0 0 E
Collotheca sp. 1 0 1 5 0 0 E
Colurella adriatica
Ehrenberg,1831
1 1 1 50 0 0 E
Epiphanes sp. 1 0 1 4 1 19 E+P
Euchlanis dilatata
Ehrenberg, 1832
1 1 1 10 0 0 E
Filinia longiseta
(Egb.,1834)
0 0 0 0 1 254 P
Horaella sp. 1 1 1 39 0 0 E
Keratella quadrata
(Muller, 1786)
0 0 0 0 1 39 P
K. tropica (Apstein, 1907) 0 1 1 6 1 1021 E+P
K. cochlearis (Gosse,
1851)
1 1 1 336 1 1799 E+P
Lecane althausi (Murray,
1913)
0 1 1 5 0 0 E
L. arcula Harring, 1914 1 1 1 42 0 0 E
L. bulla (Gosse, 1886) 1 1 1 619 0 0 E
L. closterocerca
(Schmarda, 1859)
1 1 1 44 0 0 E
L. depressa (Bryce, ) 1 1 1 51 0 0 E
L. elachis (Harring and
Myers, 1913)
1 1 1 106 1 19 E+P
L. elasma (Muller, 1776 ) 0 1 1 6 0 0 E
L. luna (Muller, 1776) 1 1 1 47 0 0 E
L. lunaris (Ehrenberg,
1832)
0 1 1 5 0 0 E
L. nana (Murray, 1913) 1 1 1 43 0 0 E
L. patella (Muller, 1786) 1 0 1 12 0 0 E
L. sp. 1 1 1 10 0 0 E
Lepadella ovalis (Muller,
1786)
1 1 1 30 1 52 E+P
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Table 3. (continued )
Invertebrates Littoral area
vegetation (E)
Mean indiv.
no./g plant dw
Lateral area
vegetation-free (P)
Mean indiv.
no./m3
E, P, or
E+P
s d E
Macrochaetus serica
(Thorpe, 1893)
0 1 1 10 0 0 E
Pedipartia sp. 1 1 1 12 0 0 E
Philodina sp. 1 1 1 60 0 0 E
Platyias patulus (Muller,
1786)
1 0 1 29 1 806 E+P
Rotatoria sp. 1 0 1 4 0 0 E
Trichocerca pusilla
(Jennings, 1903)
0 0 0 0 1 50 P
T. similis (Wierzejski,
1893)
1 0 1 4 1 92 E+P
Testudinella patina
(Hermnn, 1783)
1 1 1 189 0 0 E
Cladocera:
Alona guttata Sars, 1862 1 0 1 37 0 0 E
A. intermedia Sars, 1862 1 1 1 31 0 0 E
A. rectangula Sars, 1862 1 1 1 484 1 o1 E+P
Bosmina longirostris
Muller, 1785
0 1 1 4 1 1054 E+P
Ceriodaphnia cornuta
Sars, 1885
0 0 0 0 1 832 P
Chydorus sphaericus
Muller, 1776
1 1 1 227 1 12 E+P
Daphnia barbata
(Weltner, )
0 0 0 0 1 247 P
Daphnia longispina
(Muller, 1785)
0 0 0 0 1 413 P
Diaphanosoma excisum
Sars, 1885
0 0 0 0 1 3828 P
Macrothrix laticornis
(Fiscer, 1848)
1 1 1 61 0 0 E
Monospilus dispar Sars,
1862
1 0 1 5 0 0 E
Pleuroxus aduncus
(Jurine, 1820)
1 0 1 3 0 0 E
Copepoda:
Nauplius larvae 1 1 1 13 1 24100 E+P
Calanoid copepodites 0 0 0 0 1 7414 P
Cyclopoid copepodites 0 0 0 0 1 6452 E+P
Harpacticoid copepodites 1 0 1 4 0 0 E
Thermodiaptomus galebi
(Barrois)
0 0 0 0 1 1079 P
Mesocyclops leuckarti
(Claus, 1857)
0 0 0 0 1 115 P
Thermocyclops neglectus
(Sars, 1885)
1 0 1 13 1 6732 E+P
Horsiella brevicornis (Van
Douwe, 1905)
0 1 1 4 0 0 E
Ostracoda:
Sp.1 1 1 1 435 0 0 E
Sp.2 1 0 1 7 0 0 E
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Table 3. (continued )
Invertebrates Littoral area
vegetation (E)
Mean indiv.
no./g plant dw
Lateral area
vegetation-free (P)
Mean indiv.
no./m3
E, P, or
E+P
s d E
Insecta:
Chironomus larvae 1 1 1 683 0 0 E
Nymph of
Ephemeroptera
1 1 1 81 0 0 E
Nymph of Plecoptera 1 0 1 4 0 0 E
Trichoptera larvae 0 1 1 5 0 0 E
Turbellaria:
Microdalyellia sp. 1 1 1 50 1 343 E+P
Tardigrada:
Macrobiotus macronyx
Dujardin, 1851
1 0 1 4 0 0 E
Annelida:
Oligochaetes:
Limnodrilus hoffmeistri
Clap
1 1 1 33 0 0 E
Nematoda: 1 1 1 594 1 58509 E+P
Note: 1, recorded; 0, not recorded.
M.M. Ali et al. / Limnologica 37 (2007) 155–169 167macrophytes than on the associated invertebrate popu-
lations.
Also, CCA analysis in the lateral vegetation-free deep-
water zone indicates that phosphorus, nitrate, potas-
sium, sodium, magnesium, chloride and DO were the
most inﬂuential water variables that dictate the dis-
tribution of invertebrate groups recorded. However,
water temperature, electric conductivity, pH, nitrite,
sulphate, silicate, carbonate and turbidity have a lesser
inﬂuence of the distribution of the invertebrates
recorded in this zone. Mageed and Heikal (2006) found
in Lake Nasser that the ﬁsh predation decreases due to
high turbidity during the ﬂood, leading to increase in the
zooplankton density, while rotifers (the main dominant)
may actually increase under ﬁsh predation (El-Shabra-
wy & Dumont, 2003; Nielsen, Hillman, Smith, & Shiel,
2000), so the impact of turbidity cannot be obvious (see
also Table 3).Acknowledgements
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